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LONG-TERM  GOALS 

The  goal  of  this  research  is  to  measure  the  effects  of  varying  amounts  of  suspended  particulate 
near  the  seafloor  on  data  transmission  with  a  free  space,  omni-directional,  optical  link  and  to  test 
the  viability  of  communicating  through  the  air-sea  interface.  A  better  understanding  of 
turbulence  and  turbidity  and  their  influence  on  the  optical  channel  is  critical  to  the  development 
of  optical  communications  in  coastal  waters. 

OBJECTIVES 

1 .  Deploy  an  optical  telemetry  system  in  a  location  where  optical  properties  are  measured  by 
our  collaborators. 

2.  Demonstrate  optical  telemetry  through  the  air-sea  interface. 

3.  Identify  relationships  between  optical  link  performance  and  observed  optical  water  properties 

APPROACH 

The  approach  is  to  use  existing  optical  communications  equipment  and  deploy  it  in  shallow 
water  at  a  location  where  optical  and  acoustic  water  proprieties  are  being  studied  by  other 
investigators.  Our  optical  communications  testing  to  date  has  been  limited  to  overnight  tests  with 
a  single  transmissometer  measurement.  Our  collaborators  will  provide  measurement  of  nine 
wavelengths  of  absorption  and  attenuation,  multiple  backscatter,  CDOM  fluorometer,  and  several 
other  parameters.  We  will  measure  optical  link  performance  and  received  power  for  two 
wavelengths  of  light.  Dr.  Boss  will  compute  underwater  visibility,  which  we  will  then  use  to 
model  the  light  field  produced  by  the  optical  modem.  Collaborating  with  Drs.  Hill,  Sherwood, 
and  Trowbridge,  our  data  will  be  used  to  develop  and  constrain  a  sediment  concentration  module 
that  will  be  incorporated  into  the  Community  Sediment  Transport  Modeling  System  (CSTMS). 

WORK  COMPLETED 

In  September  and  October  201 1,  two  optical  telemetry  systems  were  deployed  at  the  Martha’s 
Vineyard  Coastal  Observatory  (MVCO)  12m  Node  and  Air-Sea  Interaction  Tower  (ASIT).  The 
12m  Node  system  consists  of  tripods  equipped  with  optical  receivers  and  emitters  located  at  1 
and  3  meters  off  the  seafloor.  These  tripods  were  initially  deployed  with  87  m  between  them  near 
the  U.S.  Geological  Survey/University  of  Maine  tripod.  After  a  period  of  one  week,  one  tripod 
was  moved  to  reduce  separation  to  17  m.  Received  power  levels,  bit  error  rate  statistics,  and  raw 
data  “snapshots”  were  collect  at  night  for  the  link  3  m  off  the  seafloor  for  a  period  of  three 
weeks.  The  optical  receiver  located  1  m  off  the  seafloor  was  damaged  during  or  soon  after 
deployment.  Two  attempts  to  replace  the  faulty  receiver  were  made  but  were  unsuccessful  due  to 
poor  weather  and  connectivity  issues  with  MVCO. 

At  the  ASIT,  an  upward-looking  optical  system  equipped  with  a  470  nm  transmissometer  was 
deployed  on  a  beam  located  4  m  below  the  surface.  A  downward-looking  system  was  located  on 
the  air  side  of  the  tower  at  a  height  of  12  m  above  the  surface.  Received  power  levels,  bit  error 
statistics,  and  “raw  data”  snapshots  were  collected  for  one  month. 

RESULTS 

The  original  deployment  of  the  12m  Node  optical  telemetry  system  on  17  September  201 1  did 
not  yield  measurements.  This  deployment  resulted  in  an  87  m  separation  between  the  emitter  and 
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receiver,  with  questionable  alignment.  On  21  September  the  12  m  tripods  were  repositioned  to 
achieve  17  m  separation  and  good  alignment.  Optical  data  link  rates  of  1,  5  and  10  Mbps  were 
cycled  every  night  from  2000  to  0600  EST  through  22  September.  As  Figure  3  shows  for  the 
12m  Node  and  Figure  2  shows  for  the  ASIT  optical  modem,  optical  power  levels  tracked  well 
across  the  three  data  rates  showing  a  near-exact  match  for  measured  DC  optical  power.  The  AC 
optical  power,  however,  scales  with  data  rate  since  the  power  measurement  has  a  3  dB  point  near 
5  MHz  (the  dominant  frequency  component  for  10  Mbps  on-off  keying).  Since  all  three  data 
rates  were  supported  at  all  times,  on  23  September  the  experiment  was  altered:  only  5  Mbps  data 
rates  were  used,  and  the  emitter  average  power  was  varied  from  1 50  mW  to  3  W.  This  change  to 
a  single  data  rate  allowed  not  only  more  continuity  across  optical  power  measurements  for  the 
rest  of  the  experiment  but  also  the  addition  of  source  level  as  a  variable. 


22  Sept  2011,  MVCO  ASIT  Tower,  e-folding  length  25  cm  path.  470nm 


Figure  1.  Measured  optical  attenuation  length,  ASIT. 
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Figure  2.  Measured  optical  power,  ASIT. 
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22  Sept  2011.  MVCO  12m  Node  Optical  Modem  Signal  Power 
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Figure  3.  Measured  power,  12m  Node. 


Summary  data  for  22  September  are  shown  in  Figures  1-3.  The  attenuation  length  (Figure  1)  had 
spatial  and  temporal  variability,  which  is  evidenced  by  the  differing  optical  power  level  trends 
seen  at  the  ASIT  (Figure  2)  and  12m  Node  (Figure  3)  during  the  night.  Overall,  both  systems 
exhibited  positive  trends  in  transmitted  optical  power  as  the  night  progressed,  complimented  by 
an  increase  in  measured  attenuation  length.  A  snapshot  of  the  synchronization  period  of  our 
optical  signal  is  shown  in  Figure  4.  The  data  exhibit  no  perceptible  inter-symbol  interference  at 
the  rates  tested,  and  signal-to-noise  ratio  is  high. 
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Figure  4.  Raw  optical  data  from  12m  Node,  MVCO. 


Early  in  the  experiment,  some  of  the  emitter  channels  suffered  a  hardware  failure  such  that  the 
emitters  in  question  remained  constantly  on.  This  is  apparent  in  the  measured  AC  and  DC  optical 
power,  as  shown  in  Figure  5,  a  portion  of  25  September.  Where  DC  power  is  at  a  maximum,  AC 
power  is  at  a  minimum  (i.e.,  23:28).  This  hardware  failure  was  subsequently  diagnosed  and 
mitigated.  At  each  of  the  points  in  Figure  5  the  optical  link  was  operating  without  errors. 
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25  Sept  2011,  MVCO  12m  Node  Optical  Modem  Signal  Povver  Green  =  AC.  blue  =  DC 


Figure  5.  Measured  optical  power  levels  with  malfunctioning  emitters. 


IMPACT/APPLICATIONS 

The  performance  of  optical  communications  in  highly  varying  turbid  environments  will  enhance 

understanding  of  the  viability  of  optical  communications  in  such  environments.  This  is  important 

for  developing  performance  models  for  optical  communications. 
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